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We discuss the current status of the proton tensor charge, obtained as the first Mellin moment of
the chiral-odd transversity parton distribution extracted from a global analysis of data for inclusive
pion-pair production in deep-inelastic scattering and in proton-proton collisions with one trans-
versely polarized proton. We compare this result with other phenomenological extractions and
with the direct computation on lattice of the tensor charge as hadronic matrix element of the local
chiral-odd tensor operator. The knowledge of the proton tensor charge is important among other
things for detecting possible signals of new physics in high-precision low-energy experiments.
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1. Introduction

The transversely polarized parton distribution h1 (transversity) is interesting because its first
Mellin moment, the so-called tensor charge, can be useful to search for effects from physics be-
yond the Standard Model (BSM) [1]. On the other hand, the h1 is a chiral-odd object and can
be extracted only from processes with at least two hadrons: either semi-inclusive deep-inelastic
scattering (SIDIS) or hadronic collisions.

Here, we address the transversity in the semi-inclusive production of unpolarized hadron pairs
with small invariant mass [2]. For each process above, the leading-twist cross section contains a
specific modulation in the azimuthal angles of the final-state products whose coefficient is given
by the same universal simple product h1H^

1 , where H^
1 is a chiral-odd di-hadron fragmentation

function (DiFF) quantifying the correlation between the transverse polarization of the fragmenting
quark and the relative momentum of the detected hadron pair [3, 4, 5, 6, 7, 8, 9]. The same polarized
DiFF can be independently extracted by looking at correlations between the azimuthal orientations
of two hadron pairs in back-to-back jets in e+e− annihilations [10, 11, 12, 13].

Experimental data for the inclusive (π+π−) pair production in SIDIS were collected by the
HERMES collaboration for a proton target [14], and by the COMPASS collaboration for both protons
and deuterons [15, 16]. The function H^

1 was first extracted [12] from data on the distribution
of back-to-back (π+π−) pairs in e+e− annihilations measured by the BELLE collaboration [17].
In Ref. [18], the STAR collaboration published the first results for the azimuthal distribution of
(π+π−) pairs produced in proton-proton collisions with a transversely polarized proton, predicted
long before in Ref. [8]. The final extraction of the transversity h1 from a global fit of all these data
has been detailed in Ref. [19].

In the following, we discuss the first Mellin moment of h1 and we compare it with the results
from other phenomenological extractions and from the direct computation of the proton tensor
charge on the lattice.

2. The global fit

Our global fit is based on a functional form for h1 that satisfies the Soffer bound at any value
of the parton fractional momentum x and at any hard scale Q of the process [6, 7]. Moreover,
we require that the Mellin transform of h1 can be analytically computed in order to speed up the
execution of that part of the code dealing with the proton-proton collision matrix element [19]. For
these reasons, at the starting scale Q2

0 = 1 GeV2 the valence component qv of the transversity h1

has the following form:

xhqv
1 (x,Q2

0) = Fq(x)Fq
SB(x) , (2.1)

Fq
SB(x) = Nq

SB xaq (1− x)bq
(
1+ cq

√
x+dq x+ eq x2 + fq x3) , (2.2)

Fq(x) = Nq
F

F q(x)
maxx[|F q(x)|]

, F q(x) = xAq [1+Bq T1(x)+Cq T2(x)+Dq T3(x)] . (2.3)

The FSB in Eq. (2.2) is a fit to the Soffer bound at Q2
0, whose analytic expression is listed in the

appendix of Ref. [6]. Using the parameters listed in Tab.I of Ref. [19], the accuracy is of order
1% in the range 0.001 ≤ x ≤ 1. In Eq. (2.3), the Tn(x) are the Cebyshev polynomials of order
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n. The Nq
F , Aq, Bq,Cq, Dq, are the fitting parameters. In fixed-target SIDIS experiments, only

the valence components of transversity can be accessed [20, 6]; hence, we have in total 10 free
parameters. If we impose the constraint |Nq

F | ≤ 1, then |Fq(x)| ≤ 1 for all x, and the hqv
1 in Eq. (2.1)

automatically satisfies the Soffer inequality at any scale. Another constraint comes from the low-x
behavior of transversity, which from the above equations looks like xhqv

1 (x)≈ xAq+aq . For the given
aq, the parameter Aq is strongly constrained by requiring that the tensor charge δq(Q2) is finite.
We numerically evaluate the Mellin moment in the range [10−6,1]. In order to avoid uncontrolled
extrapolation errors at 0 ≤ x < 10−6, we impose the condition Aq + aq > 1/3, which also grants
that δq is evaluated at 1% accuracy.

The statistical uncertainty of the global fit is studied at the 90% confidence level using the
same bootstrap method as in our previous fits [6, 7]. In the analysis of di-hadron e+e− data, the
unconstrained gluon channel is assumed Dg

1(Q
2
0) = 0. We parametrize this error by computing the

asymmetry also with Dg
1Q2

0) = Du
1(Q

2
0)/4, or Du

1(Q
2
0). We have verified that these choices alter the

χ2 of the e+e− fit in Ref. [12] by 10-50%, keeping always χ2/dof . 2 . The number of replicas is
fixed by reproducing the mean and standard deviation of the original data points. For each option,
it turns out that 200 replicas are sufficient. Hence, we have in total 600 replicas.
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Figure 1: Left panel: isovector gT vs. up δu tensor charges at Q2 = 4 GeV2 and 90% confidence level.
Blue cross and points with shaded area for this global fit [19], red cross from Ref. [21], magenta cross from
Ref. [22], green cross from Ref. [23], black crosses for lattice results from Ref. [24] (lower cross) and [25]
(higher cross), respectively. Right panel: same for δd vs. δu (position of two lattice crosses interchanged).

3. Results

In Fig. 1, we show the results for the tensor charge δq at Q2 = 4 GeV2 and 90% confidence
level. The left panel plots the isovector component gT ≡ δu− δd vs. the up δu, the right panel
the down component δd vs. δu. In all panels, the blue cross is the result of our global fit [19].
Each blue single point is the result of a replica and the blue shadow encompasses the area of the
90% confidence level. The red cross is the result of the phenomenological extraction based on the
Collins effect in the transverse-momentum dependent framework [21], the magenta cross is also
based on the Collins effect but in an extended parton model framework [22], the green cross is
the result obtained with a nested Monte Carlo iterative approach to the Collins effect but with the
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additional constraint to reproduce the average lattice result for gT [23]. Finally, the black crosses
are the latest lattice results: in the left panel, the lower cross is from the PNDME collaboration [24]
while the higher cross from the ETMC one [25]; in the right panel, the order is reversed.

We observe that within statistical errors all the phenomenological extractions of transversity
produce the same components of tensor charge, they are in agreement with lattice results for δd
(although within very large error bars, see right panel) but they disagree on δu and, consequently,
on gT by more than 2σ (see left panel). The phenomenological analysis of Ref. [23] is peculiar
because it is the only one including the constraint to reproduce the lattice result for gT (see left
panel). However, this comes at the price of getting a large discrepancy with lattice not only in δu
but also in the δd component, as shown by the green cross in the right panel. This suggests that the
enforced compatibility on gT = δu−δd might result from the artificial balance of two anomalous
results for δu and δd. We cross-checked this hypothesis by repeating also our global fit with the
constraint to reproduce the lattice result for gT : similarly to Ref. [23], the fit converges at the
price of deteriorating the previous agreement with lattice for the δd component; also the statistical
quality of the fit slightly deteriorates from a χ2/dof = 1.76±0.11 to χ2/dof = 1.82±0.25.
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Figure 2: Left panel: probability density function for the χ2 distribution of 600 replicas from our global fit
reproducing also the average lattice results for all components of tensor charge. Right panel: the truncated
up tensor charge at Q2 = 10 GeV2. Red point (label 5) from Ref. [21], blue point (label 3) from our global
fit of Ref. [19], brown point (label 2) by constraining our fit to reproduce the lattice gT , pink point (label 1)
by further constraining it to reproduce also the lattice δu and δd.

We explored also the option of constraining our global fit to reproduce the average lattice
result for all the components of the tensor charge. In Fig. 2, we show in the left panel the probability
density function for the corresponding distribution of the χ2 obtained from each of the 600 replicas.
The red line corresponds to the ideal situation of a χ2/dof = 1. The histogram of the resulting 600
replicas is instead markedly shifted to the right and its overlap with the ideal situation is negligible.
In fact, the overall statistical quality of the fit further deteriorates with respect to the previous
cases, resulting in a global χ2/dof = 2.29± 0.25. In the right panel, we show the truncated up
tensor charge δu[0.0065,0.35], namely the truncated Mellin moment of huv

1 when the calculation of
the integral is limited to the x-range [0.0065,0.35] covered by the experimental points. At Q2 = 10
GeV2, there is almost a perfect match between the result from the phenomenological extraction of
Ref. [21] (red point with label 5) and our global fit in Ref. [19] (blue point with label 3). Adding
to our global fit the constraint to reproduce the lattice gT does not alter much the situation (see the
brown point with label 2). However, if we further require to reproduce also the δu and δd from
lattice, the value of δu[0.0065,0.35] sharply changes to the pink point with label 1. The instability
of the truncated Mellin integral, computed in the x-range where experimental data can effectively
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constrain the x-dependence of the transversity, is very suspicious; even more so if this latter result
for δu[0.0065,0.35] (the pink point) corresponds to a statistically disfavoured solution.

4. Conclusion
We discussed the current status of the proton tensor charge, obtained as the first Mellin mo-

ment of the chiral-odd transversity parton distribution extracted from a global analysis of data for
inclusive pion-pair production in deep-inelastic scattering and in proton-proton collisions with one
transversely polarized proton. We compared our result with other phenomenological extractions
and with the direct computation on lattice of the tensor charge as hadronic matrix element of the
local chiral-odd tensor operator.

We deduce that currently there is no simultaneous compatibility between the results of lattice
and phenomenology for all the components of the proton tensor charge, namely up (δu), down (δd)
and isovector (gT ) ones. On the other hand, the knowledge of the proton tensor charge is important
among other things for detecting possible signals of new physics in high-precision low-energy
experiments. Hence, on one side more work is needed to scrutinize the lattice computation, while
on the other side more effort and data are needed to improve the precision of the phenomenological
extraction of transversity.
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